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(54) COMPOSITION AND METHOD FOR TREATMENT 
OF HEPATIC DISEASE AND MENTAL FATIGUE 



(71) We, RICHARDSON-MERRELL 
S.p.A., a corporation organised under the laws 
of Italy, of 80131, Via Pietro Castellino 111, 
Naples, Italy, do hereby declare the inven- 

5 tion, for which we pray that a patent may 
be granted to us, and the method by which 
it is to be performed, to be particularly des- 
cribed in and by the following statement: — 
This invention relates to a composition of 

10 amino acids and a method for treatment of 
hepatic diseases and mental fatigue employing 
the amino acid composition. 

The association of elevated levels of blood 
ammonia with hepatic mcephalopathies and 

15 the possible toxic effects of ammonia fin other 
diseases has been well recognized. Increased 
amounts of ammonia are introduced into the 
portal circulation when ammonium salts or a 
high protein diet are ingested. Extensive 

20 hemorrhage huto the gastrointestinal tract may 
produce a similar result. In the presence of 
impaired hepatic function and/or collateral 
communications between the portal and sys- 
temic veins so common in cirrhosis, the high 

25 concentration of ammonia present in the portal 
blood bypass the hepatic barrier and the am- 
monia content of the peripheral blood may 
then be increased to toxic levels. Thus, efforts 
to reduce blood ammonia are clearly important. 

30 It has been heretofore known that the amino 
acid L-arginine is beneficial to reduce blood 
ammonia. The property of arginine to effect 
ia reduction in the ammonia of the blood may 
be attributed to its role as a precursor or 

35 ornithine in the Krebs-Henseleit urea cycle. 
Arginine is converted in the liver under the 
influence of arginase to ornithine and urea. 
The cycle by which urea is formed 
involves mostly three arnino acids, 

40 namely, arginine, ornithine and citrul- 
line. It has likewise been reported that 
the amino - acid L-ornithine is useful to 
reduce blood ammonia concentration by intra- 
venous infusion when given in amounts three 

45 to four times that of the arginine necessary. 
Also, the arnino acid Lrcitrulline has also 



been reported to have some beneficial effect 
although to an even lesser degree. 

It has now been found that patients with 
high blood ammonia levels can be treated with 50 
a rnixture of L-arginine and' L-ornithine in a 
weight ratio of 3 parts by weight of L^gjnine 
to from 1 to 2 parts by weight of L-orm thine 
and a synergistic effect is obtained whereby 
more improved results are obtained from this 55 
mixture than from each of L-arginine, L- 
ornithine or L-citrolline ox a mixture of these 
three amino acids. In fact, with the synergistic 
mxture of this invention much lower doses of 
amino acids need be administered and better 60 
results are obtained than are obtained with any 
mixture of die three amino acids or of a single 
arnino acid. The synergistic mixture of amino 
acids of this invention may be employed in 
the treatment of hepatic insufficiency, hepatic 65 
coma, acute or chronic hepatitis, alone or com- 
bined with other therapeutic substances. More- 
over, this synergistic mixture of amino acids 
may be employed in the treatment of mental 
fatigue, debility and physical and psychic 70 
asthenia. The synergistic mixtures of amino 
acids is even more active than aceiylglutamine. 

According ito this invention a mixture of 3 
parts by weight of L-arginine or a pharma- 
ceutically acceptable acid addition salt thereof 75 
with non-toxic organic or inorganic acids with 
from 1 to 2 parts by weight of L-ornithine or 
a pharmaceutically acceptable acid addition 
saBt with a non-toxic organic or inorganic acid 
is employed in the treatment of hepatic diseases 80 
associated with high blood ammonia levels and 
also for treatment of metal fatigue. 

Although the synergistic mixture of amino 
acids may be employed alone in a sterile, 
phamaceuHically acceptable carrier, such as 85 
water or isotonic salt solution, it is also desir- 
able to combine the synergistic mixture of 
amino acids with other therapeutic substances, 
such as, for example, methionine, lipoic acid, 
cocarboxyiase, coenzyme B m coenzyme A, 90 
Mver extract and oxybutcaine. 
As examples of non-toxic, pharmaceutically 
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acceptable acid addition salts of L-arginine 
and L-ornithine that may be employed in the 
synergistic mlixtures of this invention there 
may be mentioned, for example, inorganic acids 

5 such as hydrochloric, hydrobromic, sulfuric or 
phosphoric acids and the like, and organic 
carboxylic acids such as acetic, pro- 
pionic, glycolic, lactic, pyruvic, malonic, 
succinic, fumade, malic, tartaric, citric, 

10 ascorbic, maleic, benzoic, phenylacetic, cin- 
namic, salicyclic and the like. 

The mixture of this invention can be ad- 
ministered to a host in need of treatment for 
hepatic diseases and menial fatigue by oral, 

15 intravenous or intramuscular administration. 
Generally, good results are obtained when the 
mixture is administered to mammals at a daily 
dosage of from about 7 milligrams to about 70 
milligrams per kilogram of body weighs pre- 

20 ferably given in separate doses two to four 
times daily. The .total daily dosage generally 
will be from about 500 milligrams to about 12 
grams. 

The mixture of this invention promotes urea 
25 synthesis from ammonia in the liver of a 
host when administered to said host and there- 
by lowers the blood level ammonia in the host. 

As examples of suitable formulations to be 
administered to hosts there can be mentioned, 
30 for example, the f allowing exemplary formula- 
tions. 



Example 2A 45 
Intramuscular Administration — solutions of 

(A) 300 mg L-arginine hydrochloride and 
200 mg L-ornithine hydrochloride 
H 2 0 q.s. to 3 ml 

(B) 300 mg L-arginine hydrochloride, 50 
200 mg L-ormthine hydrochloride 

50 mg cocarboxylase, 
1 mg coenzyme A, 
1 mg coenzyme B 12 , and 
liver extract q.s. to 3 ml 55 

(C) 375 mg L-arginine phosphate mono- 

hydrate, 

255 mg L ornithine phosphate mono- 
hydrate, and 
liver extract q.s. to 3 ml 60 



Example 3A 
Phleboclysis and Hypodermocylsis Admini- 
stration 

(A) 3 g L-arginine hydrochloride, 

2 g L-ornithine hydrochloride, and 65 
0.6% NaCl solution q.s. to 100 ml 

The improved results poss&ble by employing 
the mixture of amino acids instead of single 
amino acids according to this invention are il- 
lustrated in the following examples and Figures 70 
1 to 6 in the drawings as explained herein- 
after. 



Example 1A 

Oral Administration 

(A) Tabldts formed by standard tableting tech- 
35 niques from 

300 mg L-arginine hydrochloride and 
200 mg L-ornithine hydrochloride 

(B) Tablets or capsules formed by standard 
techniques from 

40 125 mg L-arginine phosphate monohydrate, 
85 mg L-ornithine phosphate monohydrate 
50 mg Iipoic acid, 
250 mg oxybetaine, and 
1 mg coenzyme B 12 



Examples 1 — 14 
Mice of 18 to 25 grams body weight were 
injected (i.p.) with 20 ml/kg of the aqueous 
solution prepared according to the dosages in 
Tables 1 to 14 and after 30 minutes 20 ml/kg 
(Lp.) of a 4% NH 4 Q solution (w/v) was in- 
jected. Animals were observed for one week; 
mortality occurred within 3 hours. The re- 
sults set forth in the following tables wherein 
are shown the doses, the number of animals 
used, the ED S0 values and their confidence 
limits. 



75 



80 



TABLE 1 

L-Arginine.Ha Protective Action Against Acute Mouse Intoxication by NH 4 C1 
Dose mmoI/Kg i.p. Mortality % Log Dose 



0.25 


18/20 


90.0 


— 0.6021 


0.50 


26/40 


65.0 


— 0.3010 


1.00 


39.70 


55.7 


0.0000 


2.00 


23/50 


46.0 


0.3010 


4.00 


4/20 


20.0 


0.6021 



Ed S o = 1.316mmol/Kg(0.954— 1.817) corresponding to 277. 23 mg/Kg 
(200.97) — 382.77) L-AiginincHQ 
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TABLE 2 

L-Ornithine.HCl Protective Action Against Acute Mouse Intoxication by NH 4 C1 



Dose mmol/Kg i.p. 


Mortality 


% 


Log Dose 


0.25 


19/20 


95.0 


— 0.6021 


0.50 


41/60 


68.3 


— 0.3010 


1.00 


27/70 


38.6 


0.0000 


2.00 


14/50 


28.0 


0.3010 


4.00 


1/20 


5.0 


0.6021 



ED 50 = 0. 857 mmol/Kg (0.713 — 1.032) corresponding to 144. 54 mg/Kg 
(120.23 — 174.02) L-Ornithine.HCl 

TABLE 3 



L-Ciirullinc Protective Action Against Acute Mouse Intoxication by NH 4 C1 



Dose mmol/Kg i.p. 


Mortality 


% 


Log Dose 


0.25 


30/40 


75.0 


— 0.6021 


0.50 


41/60 


68.3 


— 0.3010 


1.00 


48/90 


53.3 


0.0000 


2.00 


27/70 


38.6 


0.3010 


4.00 * 


1/40 


2.5 





* The data relative to this dose have not been used in the probit calculations. 

ED 50 = 1.026 mmol/Kg (0.817 — 1.949) corresponding to 179. 74 mg/Kg 
(143.13 — 341.45) L-Citrulline. 
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TABLE 4 



Protective Action of a L-Arginine.HCl (81.79% W/W) and L-Omithine.HCl 
(18.21% W/W) Mixture — Mixture A — Against Acute Mouse Intoxication, by NH 4 C1 

Dose mmol/Kg i.p. Mortality % Arguoine Log Dose 



{ 



fL-Arginine.Ha 0.4746 

\L-Ornithine.Ha 0.1304 

L-Argiriine.HCl 0.5316 

L-Ornithine.HCl 0.1482 

fL-Arginme.Ha 0.5981 

\L-Ornithine.Ha 0.1660 

jX-Arginine.HCl 0.6693 

\L-Ornithine.HCl 0. 1838 

L-Arginine.HCl 0.7500 

L-Onuthine.HCl 0.2075 

L-Arginine.HCl 0.8449 

L-Ornithine.HCl 0.2372 

L-Arginine.Ha 0.9493 

L-Ormthine.HCl 0.2668 

L-Arginine.Ha 1.0680 

L-Orruthine . HC1 0 . 2965 



{ 
{ 
{ 
{ 



23/40 57.5 — 0.3237 

22/40 55.0 — 0.2744 

29/40 72.5 — 0.2232 

19/40 47.5 — 0.1743 

13/40 32.5 — 0.1249 

9/40 22.5 — 0.0732 

7/40 17.5 — 0.0226 

5/40 12.5 0.0286 



ED 50 = 0.607 mmol/Kg L-Arginine.HCl (0.561 — 0.656) associated with 0.169 
mmol/Kg L-Ornithine.HCl (0.156 — 0.182) corresponding to 127.87 mm/Kg 
L-Arginine.HCl (118.18 — 138.19) associated with 28.50 mg/Kg L-Ornithine.HCl 
(26.30 — 30.69). 
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TABLE 5 

Protective Action of a L-Argininc.Ha (59.90% W/W) and 
L-Omithiiie.HCl (40.10% W/W) Mixture — Mixture B — 
Against Acute Mouse Intoxication by NH 4 C1 

Dose mmol/Kg i.p. Mortality % Arginine Log Dose 



{ 
{ 

{ 
{ 
{ 
{ 



L-Arginine . HQ 0 . 1898 

L-Ornithine.Ha 0.1601 

L-Arginine.HCl 0.2990 

L-Ornithine.HQ 0.2490 

L-Arginine.HCl 0.3797 

L-Omithiae.HQ 0.3202 

L-Arginine.HCl 0.4746 

L-Omthine.HCl 0.3973 

L-Arginine. Ha 0.5933 

L-Ornithine.Ha 0.4981 

L-Arginine. Ha 0.7500 

L-Ornithine.Ha 0.6286 



15/20 75.0 — 0.7216 

28/40 70.0 — 0.5243 

22/40 55.0 — 0.4206 

17/40 42.5 — 0.3237 

3/20 15.0 — 0.2267 

2/20 10.0 — 0.1249 



ED 50 = 0.383 mmol/Kg L-Arginine.HCl (0.340 — 0.432) associated with 0.320 
mmol/Kg L-Ornithine.Ha (0.284 — 0.361) corresponding to 80.68 mg/Kg 
L-Arginine.HCl (71.62 — 91.01) associated with 53.96 mg/Kg L-Ornithine.Ha 
(47.89 — 60.87) 
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TABLE 6 



Protective Action of a L-Argixiine.HCl (33.63% W/W) and L-Omithine.HCl 
(66.37% W/W) Mixture — Mixture C — Against Acute Mouse 
Intoxication by NH 4 C1 

Dose mmol/Kg i.p. Mortality % Aginine Log Dose 



rL-Arginine.HCl 0.2990 
LL-Onutlune.HCl 0.7413 



{ 
{ 



{ 



{ 



L-Arginine.Ha 0.3370 

L-Chrnithine.Ha 0.8302 

X-Arginine.Ha 0.3750 

L-Omitliine.Ha 0.9310 

f L-Arginine.Ha 0.4224 

t L-Ornithine. Ha 1 .0437 

L-Arginine.Ha 0.4746 

L-Onuthinc . HQ 1 . 1683 

fL-Arguiine.HCl 0.5316 

\L-Ornithine.Ha 1.3106 

L-Arginine.Ha 0.5981 

L-Ornithine . HC1 1 .4707 

L-Arginine.Ha 0.6693 

L-Ornithine . HQ 1 . 6486 

L-Arginine.IICl 0.7500^ 

L-Ornithine . HQ 1 .8562 



30/40 75.0 — 0.5243 

13/20 65.0 — 0.4724 

15/20 75.0 — 0.4260 

15/20 75.0 — 0.3743 

25/40 62.5 — 0.3237 

21/40 52.5 — 0.2744 

11/40 27.5 — 0.2232 

8/40 20.0 — 0.1743 

3/40 7.5 



* The data relative to this dose have not been used in the probit calculations. 

ED 50 = 0.490 mmol/Kg L-Arginine.Ha (0.453 — 0.529) associated with 1.208 
mmol/Kg L-Ormthine.HCl (1.117 — 1.304) corresponding to 103.22 mg/kg 
L-Arginine.Ha (95.43 — 111.44) associated with 203.69 mg/Kg L-Qmithine.HQ 
(188.35 — 219.88). 
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TABLE 7 

Protective Action of a L-Argmine.HQ (75% W/W) and a L-Qtrulline 
(25% W/W) Mixture — Mixture A' — Against Acute Mouse 
Intoxication by NH 4 C1 

Dose mmol/Kg i.p. Mortality % Arginine Log Dose 



(X-Arginine.HQ 0.2990 

\L-atrulline 0.1198 

IX- Arginine. HQ 0.4746 

[L-Qtrulline 0.1883 

L-Arginine.HQ 0.7500 

L-Gtrulline 0.3025 

L-Arginine.HQ 1.1914 

L-Qtrulline 0.4794 



{ 
{ 



33/40 82.5 — 0.5243 

30/40 75.0 — 0.3237 

21/40 52.5 — 0.1249 

15/40 37.5 0.0760 



ED 50 = 0.848 mmol/Kg L-Arginine.HCl (0.662 — 1.085) associated with 0.340 
mmol/Kg L-Qtrulline (0 . 265 — 0 . 435) corresponding to 178 . 65 mm/Kg L-Arginine . HQ 
(139.46 — 228.57) associated with 59.55 mg/Kg L-Qtrulline (46.49 — 76.19). 

TABLE 8 

Protective Action of a L-Arginine.HQ (50% W/W) and a L-Qtrulline 
(50% W/W) Mixture — Mixture B' — Against Acute Mouse 
Intoxication "by NH 4 Q 

Dose mmol/Kg i.p. Mortality % Arginine Log Dose 



L-Arginine.HQ 0.2373 

L-Qtrulline 0.2854 

L-Arginine.HQ 0.3750 

L-Qtrulline 0.4509 

jX-Arginine.HQ 0.5981 

[L-Qtrulline 0.7192 

fL-Arginine.HQ 0.9493 

\L-Qtrulline 1.1416 



31/40 77.5 — 0.6247 

23/40 57.5 — 0.4260 

21/40 52.5 — 0.2232 

16/40 40.0 — 0.0226 



ED 50 = 0.625 mmol/Kg L-Arginine.HQ (0.450 — 0.867) associated with 0.751 
mmol/Kg L-Qtrulline (0.541 — 1 . 042) corresponding to 131 .66 mg/Kg L-Arginine. HQ 
(94.80 — 182.64) associated with 131.66 mg/Kg L-Qtrulline (94.80 — 182.64). 
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TABLE 9 

Protective Action of a L-Arg?nme.HCl (25% W/W) and a L-atrulline 
(75% W/W) Mixture — Mixture C — Against Acute Mouse 
Intoxication by NH 4 Q 

Dose mmol/Kg i.p. Mortality % Arginine Log Dose 



fL-Arginine.HCl 0.1898 

\lX2tnilline 0.6792 

fL-Arginine.Ha 0.2373 

^L-atrulline 0.8562 

jX-Arginine.Ha 0.2990 

\L-Qtrulline 1.0788 

L-Arginine.Ha 0.3750 

L-atrulline 1.3585 



{ 



29/40 72.5 — 0.7216 

20/40 50.0 — 0.6247 

16/40 40.0 — 0.5243 

13/40 32.5 — 0.4260 



ED 50 =0.249 mmol/Kg L- Ar ginine . HQ (0.227 — 0.272) associated with 0.898 
mmol/Kg L-atrulline (0 . 819 — 0 . 981) corresponding to 52 .45 mg/Kg L-Arginine . HQ 
(47.82 — 57.30) associated with 157.35 mg/Kg L-atrulline (143.46 — 171.91). 

TABLE 10 

Protective Action of a L-atrulline (75% W/W) and a L-Ornithine.Ha 
(25% W/W) Mixture — Mixture A" — Against Acute Mouse 
Intoxication by NH 4 Q 

Dose mmol/Kg i.p. Mortality % Citrulline Log Dose 



L-atrulline 0.4566 

L-Ornithine.Ha 0.1601 

L-atrulline 0.5708 

L-Onnthine . Ha 0 . 1957 

X-atrulline 0.7192 

L-Ornithine.Ha 0.2490 

L-atrulline 0.9018 

L-Ornithine.Ha 0.3143 

L-atrulline 1 . 1416 

L-Ornithine.Ha 0.3973 

f L-atrulline 1.4327 

^L-Ornithine.Ha 0.4922 



{ 
{ 

{ 
{ 



33/40 82.5 — 0.3404 

25/40 62.5 — 0.2435 

25/40 62.5 — 0.1432 

31/60 51.7 — 0.0449 

10/40 25.0 0.0576 

6/40 15.0 0.1561 



ED 50 = 0.815 mmol/Kg L-atrulline (0.745 — 0.893) associated with 0.282 mmol/Kg 
L-Ornithine.Ha (0.258 — 0.309) corresp nding to 142.78 mg/Kg L-atrulline 
(130.52 — 156.44) associated with 47.59 mg/Kg L-Ornithine.Ha (43.51 — 52.15). 
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TABLE 11 

Protective Action of a L-Gtrulline (50% W/W) and a L-Orrnthine.HCl 
(50% W/W) Mixture — Mixture B" — Against Acute Mouse 
Intoxication by NH 4 Q 

Dose mmol/Kg i.p. Mortality % Gtxulline Log Dose 

f L-Gtrulline 0.2854 



LL-Ornithine.HCl 0.2965 

L-Gtrulline 0.4566 

L-Ornithine.Ha 0.4744 

fL-Ckrulline 0.5080 

\L-Ornithine.HCl 0.5278 

f L-Gtrulline 0.5708 

^L-Onrithine . HQ 0 . 5930 

fL-Citrulline 0.6393 

I L-Ornithine .HQ 0 .6642 
I^Gmilline 0.7192 
L-Omithine.Ha 0.7472 
L-Gtrulline 1.1416 
L-Ornithine.HCl 1.1860 



G 



28/40 70.0 — 0.5446 

26/40 65.0 — 0.3404 

27/40 67.5 — 0.2941 

23/40 57.5 — 0.2435 

16/40 40.0 — 0.1943 

8/40 20.0 — 0.1432 

5/40 12.5 0.0566 



ED™ - 0.539 mmol/Kg L-Gtrulline (0.483 — 0.602) associated with 0. 560 mmol/Kg 
L-drWine.HCl (0.502 - 0.625) corresponding to 94:43 mg/Kg ^<^£* 
(84 62 —105.46) associated with 94.43 mg/Kg L-Ormthine.HCl (84.62 — 105.46). 
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TABLE 12 

Protective Action of a L-Gtrulline (25% W/W) and L-Onuthinc.HCl 
(75% W/W) Mixture — Mixture C" — Against Acute Mouse 
Intoxication by HN 4 C1 

Dose mmol/Kg i.p. Mortality % Qtrulline Log Dose 



JL-atxulline 0.1141 

tL-Onuthine.Ha 0.3558 

L-atrulline 0.1826 

L-Ornithine.Ha 0.5693 

L-atrulline 0.2283 

L-Ornithine.HCl 0.7116 

L-atrulline 0.2854 

L-Ornithine.Ha 0.8895 

fL-atrulline 0.3596 

\L-Ornithine.HCl 1.1208 

rL-atrulline 0.4509 

tL-Orruthine.Ha 1.4114 

L-atrulline 0.5708 

L-Onnthine. HC1 1 . 7791 



t 
{ 



36/40 90.00 — 0.9427 

32/40 80.00 — 0.7384 

19/40 47.50 — 0.6415 

32/60 53.33 — 0.5446 

39/60 65.00 — 0.4454 

31/80 38.75 — 0.3459 

5/40 12.50 — 0.2435 



ED 50 = 0.330 mmol/Kg L-Citxulline (0.296 — 0.369) associated with 1 .028 mmol/Kg 
L-Onuthine.HQ (0.922 — 1.149) corresponding to 57.81 mg/Kg L-atrulline 
(51.86 — 64.65) associated with 173.43 mg/Kg L-Onnthine . HQ (155.58 — 193.95). 
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TABLE 13 



Protective Action of L-Arginiiie.HCl and L-Omithine.HQ Mixture 
in die Ratio 3 : 2 Associated with L-Qtrulline at Crescent Doses 
Against Acute Mouse Intoxication by NH 4 C1 





Composition 




111/ 

found 


Theoretic 
ED 




mg/Kg 


% 


Mortality 


L-Arginine . HQ 

fa"\ T .-Orrnrhinr' TTfl 

\fX J JLi*VlHUHHlL . XJLV/I 

L-Gtrulline 


100.00 
66.95 
25.00 

191.95 


52.10 
34.88 
13.02 


0*\fACi 


Di .J 


DU 


L-Arginine.HCl 
L-Citrulline 


100.00 
66.95 
50.00 


46.09 
30.86 
23.05 




0*\ 


1<\ 
D\J 




216.95 










L-Arginine . HC1 
(c) L-Ornithine HC1 

1 V» J JL-d VJ 1.1x1 1 1 1 1 1 . llvjl 

L-Qtrulline 


100.00 
66.95 
100.00 


37.46 
25.08 
37.46 


31/40 


11 5 


50 




266.95 










L-Arginine. HC1 
(d\ T -Ornithine HC1 

L-Gtrulline 


100.00 
66.95 
200.00 


27.25 
18.25 
54.50 


00 /AC) 




cn 




366.95 










L-Arginine. HC1 
(e) L-Onuthine.HCl 
L-Citrulline 


100.00 
66.95 
400.00 


17.64 
11.81 
70.55 


31/40 


22.5 


50 




566.95 










L-Arginine. HQ 
(f) L-Ornithine.Ha 
L-Gtrulline 


100.00 
66.95 
800.00 


10.34 
6.92 
82.74 


29.40 


27.5 


50 




966.95 
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TABLE 14 

Protective Action of a L-Arginine.HCI (50%), a L-Ornithine.Ha 
(25%), and a L-Qtrnlline (25%) Mixture Against Acute Mouse 
Intoxication by NH 4 C1 

Dose mg/Kg Mortality % Arginine Log Dose 

fL-Arginine.HCl 79.4 

^ L-Ormthine.HCl 39.7 36/50 72 1.90 

I^L-atxulline 39.7 

{L- Arginine. HQ 100.0 
L-Ormthine.HCl 50.0 30/50 60 2.00 

L-Qtrulline 50.0 

fL-Arginine.HCl 112.2 

\ L-Ornithine.Ha 56.1 31/50 62 2.05 

l^L-atrulline 56.1 

fL-Arginine.HCl 125.9 

1 L-Ornithine.Ha 63.0 18/50 36 2.10 

I^L-atxtilline 63.0 

fL-Arginine.Ha 141.3 

1 L-Ornithine.Ha 70.6 12/50 24 2.15 
I^L-Qtrulline 70.6 ^ 



ED 50 = 110.80 mg/Kg L-Arginine.Ha (104.00 — 118.10) to which are associated 
55.40 mg/Kg L-Ornithine.Ha ( 52.00 — 59.Q5) 
55.40 mg/Kg L-Qtrulline ( 52.00 — 59.05) 

Total 221.60 mg/Kg (208.00 — 236.20) 

In order to more fully show the activity of mixed components (curve f) or relative when 

each component in the mixtures of the tables, the isobole is convex but keeping within the 

the results are illustrated in Figures 1 to 5 of right angle (curve e). 

5 the accompanying drawings by the graphic re- Figures 2, 3 and 4 show the isobales pro- 

presentation - proposed by Loewe, Arzneim. tedting mortality induced in mice by NH 4 C1 

Forsch 3 285 (1953); Loewe, Pharmacol. Rev. (ED 50 ) of mixtures of L-arginine.HCl + L- 

9 237 (1957) and Loewe, Arzneim. Forsch 9 oraithine.HCl (Figure 2); L-argJnine.HQ -4- 

449 (1959). The mg/Kg doses of one of the L-dtrulline (Figure 3); and L-atxulhne + 

10 components are indicated on the ordinates and L-ormthine.Ha (Figure 4). 35 

of the other component, on the abscissae. On Figure 3 shows that in L-argmine.HCl-r- 

the coordinates are indicated the doses of each L-orritMne.HCl mixtures there is at first a 

single component determining any effect quan- synergism with strengthening till a determine 

titatively or qualitatively simiilar, that is, ED S0 - dosage relation; then an absolute antagonism. 

15 Referring to Figure 1, the resulting lines Figure 3 shows that in L-arginmJdCl + 40 

have been called "isoboles" by Loewe. If the L-dtrulline mixtures there is an effect similar 

effect is due to activities common to both com- to the addition of eff eats; then a relative an- 

ponents, that is, toxicity, in (this case the lines tagonism. . 

can: ~ Figure 4 shows that in L-dtnilhne + L- 

ornithine.HCl mixtures there is only antagon- 45 

20 1. not be affected reciprocally (line a and b); (ism, at first relative, and then absolute. 

2. sum up (hne c); These results indicate that in the study of 

3. potentiate (curve d); the two component mixtures, the L-arginine. 

4. antagonize (curve e and f). HC1 + L-ormthine.HCl mixture gives the best 

results when mixed in a 3 : 2 ratio as shown by 50 
The antagonism can be absolute when the iso- 80.68 mg/Kg L-arginine.HCl + 53.96 mg/ 
25 bole goes beyond the right angle formed by the Kg L-ornith!ine.HCl; see Table 5 and Figure 
two doses with equal action of the two non- 2. 
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We did not modify this ratio and in further 
experiments, L-arginine.HCL i+ L-ornithine. 
HC1 3 : 2 mixture was considered as a single 
substance, to which L-citrulline was added 
5 The results obtained show that the addition of 
I^crtrulline decreases the protective action; see 
Table 13 and Figure 5. The ordinate shows 
ithe L^arginine.H01 + L-ornithine.HCl mix- 
ture Sn 3 : 2 ratio, while the abscissa shows L- 
10 ckrulline. The radii, starting from the origin 
of coordinates, correspond to (the different 
mixtures, die composition of which is shown 
in Table 13. 

The circle arc connecting the ordinate 
15 (10a% : L-arginine.HCl .+ L-ormthane.HCl 
3:2 mixture) to the abscissa (100% L- 
chmlline) is die line of the ED 50 theoretically 
calculated according to the sum of the effects, 
while the above curve represents the ED we 
20 found. Each radius, intersecting the curve of 
the ED 30 , is divided in proportional parts: 
ED ltf0 starts at the origin of coordinates, while 
ED 0 is set at a distance from the intersection 
point, equal to that between the origin of the 
25 coordinates and the intersectiion point. 



The EDso of. our I^aigEninaHCl |+ L- 
ornithine.HCl 3:2 mixture corresponds to 
134;64 mg/Kg of the totai arninoacid which is . 
39.24'% less than the sum of each arninoacid. 

Example 15 
To illustrate the protective action of the 
mixture of this invention in the treatment of 
mental fatigue, mice of 18 to 25 grams body 
weight were injected with 20 ml/kg of aqueous 
solution according to the dosages in Table 15 
and after 30 mfinutes a single intraventicular 
injection of 0.03 ml 4% NH 4 C1 (w/v) was in- 
jected into each animal Animals were observed 
for one week; mortality occurred within 3 
hours. 

Table 15 shows -that pretreatment with L- 
arginiine.HCl or L-ornithine.HCl has a poor 
protective action, although statistically signifi- 
cant, based on mortality induced by NH 4 C1 
injected intercerebrally (Chi square test with 
Yates correction). L-arginine.HCl L-orni- 
thine.HCl 3:2 mixture has a clearly higher 
protective action degree at lower doses than 
with each arninoacid. 



30 



35 



40 



45 



50 



TABLE 15 

Protective action of L-arginine.HCl, L-ornithine.HCl and of a mixture in 3 : 2 ratio 
in acute intoxication induced in mice by NH 4 C1 intracerebral injection. 

Protective Chi 
Substance Dose (mg/kg) Mortality Action % Square P 



Physiol, sol. 10 ml/kg i.p. 50/50 



L-Arginine.HCl 400 mg/kg i.p. 32/40 



L-Arginine.HCl 800 mg/kg i.p. 31/40 



L-Ormthine.HCl 400 mg/kg i.p. 31/40 



L-Ornithine.HCl 800 mg/kg i.p. 33/40 



L-Arginine .HGl+400 mg/kg i.p. + 
L-Ornithine.HGl 267 mg/kg i.p. 



23/40 



0.00 
20.00 

22.50 

22.50 

17.50 

42.50 



10.125 



10 



{ 

CO. 
.125 ■{ 

IP- 

C 



001 
005 
0.001 
0.005 
001 
005 
005 
010 



23.498 0.005 
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• Example 16 of 4!% NH 4 CI), in comparison with L-acetyl- 

We have tested L-arginine.HQ, L-ornithine. ghitam!ine. These substances were administered 

HQ and L-arginancHCl + L-ornithine.HQ to mice of both sexes, 18 — 25 grams body 

mixture in 3 : 2 ratio lin the protective action weight (i.p.) 1 hour before the intraventricular 10 

5 against acute intoxication induced in mice by injection of 4'% NH 4 C1 as summarized' in 

NH 4 C1 intracerebraHy injected (0.03 ml/mouse Table 16. 



TABLE 16 



Mortality induced by NH 4 C1 
intracerebrally injected, 
after 1 hour 





Dose 


Total Deaths 


% . 


Protective Substance 


(mg/kg) 


Number 


iviorraiity 


L-Acetylglutamine 


luu 


3o/40 


OS C\ 

yD.u 


200 


34/40 


85.0 




400 


33/40 


82.5 




800 


31/40 


77.5 




1600 


28/40 


70.0 


L-Arginine.HCl 


100 


36/40 


90.0 


200 


34/40 


85.0 




400 


32/40 


80.O 




800 


31/40 


77.5 




1600 


27/40 


67.5 


L-Orfhmine.HCl 


100 


36/40 


90.0 




200 


34/40 


85.0 




400 


31/40 


77.5 




800 


33/40 


82.5 




1600 


29/40 


72.5 


L-Arginine.HCl 


167 


31/40 


77.5 


+ 


334 


28/40 


70.0 


L-Ornithine.Ha 


668 


23/40 


57.5 


in 3 : 2 ratio 


1356 


25/40 


62.5 


(Doses are referred to the sum of the two aminoacids). 




Having set L-Acetylglutamine potency equal to 1 : 


00 (standard) the other substances 


are set in the following order: 










TABLE 17 










Confidence Limits 


Substance 


Potency 


(P- 


= 0.05) 


L-Acetylglutamine 


1.000 






L-Arginine.HCl 


1.337 


(0.441 


— 4.046) 


L-Ornithine.HCl 


1.094 


(0.350 


— 3.322) 


L-Ai^inine.Ha 1 






— 26.970) 


+ > 3:2 


5.676 


(1.195 


L-Ornithine.Ha J 









15 



1,310,658 



15 



The above-mentioned results are shown in 
Figure 6. 

L-arginine.HCl and L-omitMne.HCl have a 
good protective action against ammonia in-- 

5 toxication intracerebrally performed in mice. 
Their effectiveness, however, is ^gnificantly 
similar to that shown by a standard substance 
(L-acetylglutamine). 

The L-arginine.HCl + L-ornithine.HCl 3 : 2 

10 mixture, instead is considerably more aative 
than the reference substance and this activity 
ratio is highly significant, since the inferior 
confidence limit is higher than unity. 

WHAT WE CLAIM IS : — 

15 1. A composition for the treatment of hepatic 
diseases and mental fatigue which comprises a 
pharmaceutically acceptable carrier and a mix- 
ture of three parts by weight of L-arginine or 
a pharmaceutically acceptable acid salt thereof 

20 and from 1 to 2 parts by weight of L-ornithine 
or a pharmaceutically acceptable acid salt 
thereof. 

2. A composition as claimed' an claim 1 and 
comprising a mixture of 3 parts by weight of 

25 L-arginine or a pharmaceutically acceptable 
acid salt thereof and 2 parts by weight of L- 
ornithine or a pharmaceutically acceptable 
acid salt thereof. 

3. A composition as claimed in any preced- 
30 ing claim and comprising one or more ad- 
ditional .therapeutic substances selected from 
methionine, Hpoic acid, cocarboxykse, co- 
enzyme B 12 , coenzyme A, liver extract and 
oxybetaine. 

35 4. A composition as claimed in claim 3 which 
is dissolved in liver extract. 

5. A composition as claimed in claim 2 
wherein the mixture comprises Lnarginine 
hydrochloride and L-onrithine hydrochloride. 



6. A method for the treatment of hepatic 40 
diseases and mental fatigue which comprises 
administering to a host excluding humans in 
need of such treatment a composition compris- 
ing a pharmaceutically acceptable carrier and 

a mixture of 3 pants by weight of L-arginine 45 
or a pharmaceutically acceptable acid salt 
thereof and from 1 to 2 parts by weight of 
L-ornithine or a pharmaceirticailly acceptable 
acid salt thereof. 

7. A method as claimed in claim 6 wherein 50 
the composition is admimstered intravenously. 

8. A method as claimed in ciaim 6 wherein 
the composition is administered orally. 

9. A method as claimed in claim 6 whereon 

the composition is administered intramuscu- 55 
larly. 

10. A method as claimed in any of claims 
7 to 9 wherein from 7 to 70 milligram per 
kilogram of host body weight of the mixture 

is administered to the host. 60 

11. A method of promoting urea synthesis 
from ammonia in the liver of a host excluding 
humans which comprises administering to said 
host a composition comprising a pharmaceuti- 
cally acceptable carrier and a mixture of 3 65 
parts by weight L-arginine of a pharmaceutic- 
ally acceptable acid salt thereof and from 1 to 

2 parts by weight of L-ormthine or a pharma- 
ceutically acceptable acid thereof. 

12. A composition as claimed in claim 1 70 
and substantially as described with reference 

to Examples 1A, 2A and 3A. 

For the Applicants : — 
GILL, JENNINGS AND EVERY, 
Chartered Patent Agents, 
51/52, Chancery Lane; 
London, WC2A 1HN. 
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